Abstract -We propose a concatenated orthogonal space-time code structure to decouple the problems of maximizing spatial and temporal diversity gains in fast Rayleigh fading channels. We also introduce the idea of constellation expansion to design the outer coded modulation scheme. It is shown that the code design criteria reduce to the maximization of Hamming and product distances in the expanded constellation.
I. INTRODUCTION
In [l] , the Chernoff upper bound for the pairwise error probability of space-time codes in fading channels was derived. Based on this bound for fast Rayleigh fading channels, the design rule was shown to be guided by distance and product criteria. The distance criterion aims in maximizing the overall diversity gain, which consists of spatial and temporal diversity gains, without distinguishing between these two sources of diversity. The maximum achievable spatial diversity is determined by the number of transmit and receive antennas, whereas the temporal diversity gain is obtained by introducing temporal redundancy in the transmitted symbol sequence. There are simple transmission schemes, such as the Orthogonal Dansmit Diversity (OTD) system [2] (Fig. l) , which achieve full special diversity. In this work, we propose a concatenated space-time code structure which uses the OTD system to decouple the problems of maximizing the spatial and temporal diversity gains, and provides a systematic method for designing space-time codes.
11. CODE DESIGN CRITERIA Figure 1 depicts the OTD system proposed in [2] . It is assumed that the fading coefficients between each pair of transmit and receive antennas are i.i.d. complex Gaussian random variables, and the coherence time of the channel is two symbol intervals. The upper bound for the pairwise error probability of this system is given as P(c -+ e) < n ( c 2 b -I r c 2 6 ) # ( e z k -1 . e 2 k )
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(1) It can be seen from the bound that a full spatial diversity gain of 2 is provided by the OTD system. Furthermore, additional temporal diversity gain can be achieved due to the fast fading nature of the channel. This can be accomplished by using a concatenated code structure with an outer code optimized for temporal diversity gain. According to (l) , the design criteria for the outer code involves maximization of new pairwise Hamming and product distances in an expanded signal set. Each point in the expanded constellation is the concatenation of two consecutive signal points from the original signal set.
In Fig. 2 , the performance of a code with diversity 4, designed using the above criteria with multiple TCM as its outer code, is presented and compared to a code with similar complexity designed for single transmit and receive antenna system.
CONCLUSIONS
Using the idea of constellation expansion, we proposed a concatenated orthogonal space-time code structure. This gives a systematic code design technique for multiple transmit and receive antennas in fast fading channels.
